Renal tubular acidosis is a disorder of function in which the renal tubule is unable to acidify urine normally out of proportion to any reduction in the glomerular filtration rate. Adults with this defect frequently have hyperglobulinaemia and nonorgan specific autoantibodies present in the serum (Morris and Fudenberg, 1967; and it has been suggested that immunological mechanisms are involved in the development of the disorder in these patients (Talal, Zisman, and Schur, 1968) .
Hyperglobulinaemia and non-organ specific autoantibodies are frequently present in the serum of patients with active chronic hepatitis, primary biliary cirrhosis, and cryptogenic cirrhosis (Doniach, Roitt, Walker, and Sherlock, 1966; Hobbs, 1970) . It is probable that auto-allergic mechanisms are involved in the pathogenesis of these disorders, and the general term 'autoimmune liver disease' has been introduced to comprise these three hepatic syndromes (Doniach and Walker, 1969) .
The concurrence of renal tubular acidosis and autoimmune liver disease has been recorded (Cohen and Way, 1962;  Read, Sherlock, and Harrison, 1963; Seedat and Raine, 1965; Leeson and Fourman, 1967) , but a systematic study of patients with autoimmune liver disease for the presence of a defect of renal acidification has not been reported previously. The present study was undertaken in order to determine the frequency with which renal tubular acidosis occurs in this syndrome. At the time of investigation all patients were on a normal diet with unrestricted sodium intake and none were on diuretics. It was considered unnecessary to perform an ammonium chloride test in those patients with an overt metabolic acidosis (plasma bicarbonate level below 20 m-equiv/l) while passing urine with a pH greater than 6.0. In the other subjects, to detect the incomplete type of renal tubular acidosis, an ammonium chloride test was performed using the method of Wrong and Davies (1959) . In normal subjects the urine pH should fall below 5-2, the maximum titratable acidity be above 24,u-equiv/min, and the maximum ammonium excretion above 33 ,u-equiv/min. Renal concentrating ability was tested by measuring the maximum urinary specific gravity obtained after the administration of 5 units of pitressin tannate in oil. A maximum specific gravity of less than 1-020 was considered abnormal. Urinary aminoacids were detected by two-dimensional paper chromotography. The An abnormal response to an acid load was found in 10 patients (24%). The results of the renal function investigations in these cases are shown in Table II . Hypokalaemia was detected in two patients, and three had a raised level of plasma copper.
Patients and Methods
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A normal response to an acid load was found in the remaining 26 patients. The levels of plasma potassium, copper, and total globulin in these patients are compared with those detected in the patients with renal tubular acidosis in Figures 1 and  2 . There was no significant difference in the concentration of either plasma potassium, copper, or total globulin between those patients with and those without renal tubular acidosis. The three lowest plasma potassium levels, however, were in patients with overt renal tubular acidosis.
IMMUNOLOGICAL INVESTIGATIONS
The prevalence of autoantibody and immunoglobulin abnormalities is shown in Table III , where each group has been divided into those patients with and those without renal tubular acidosis. The autoantibodies detected and the elevation of serum immunoglobulins in each group correspond to those commonly found in each liver disorder (Doniach et al, 1966; Hobbs, 1970) . The presence of renal tubular acidosis is not related either to the levels or class of immunoglobulin elevated. Mitochondrial antibody was detected in 72% of the patients with the presence of such a defect of acidification has not previously been recorded, although sporadic reports have suggested that the two disorders are associated. Read et al (1963) noted that three of the patients in their series of 81 cases of active chronic hepatitis had renal tubular acidosis. Single cases with both renal tubular acidosis and active chronic hepatitis have been described by Cohen and Way (1962) and Seedat and Raine (1965) . Smith, Middleton, and Williams (1967) reported a patient with renal tubular acidosis associated with cirrhosis whom we have reinvestigated and included in this series. Active chronic hepatitis was detected in one of the seven patients with renal tubular acidosis reported by Talal et al (1968) , and in one of the four cases of renal tubular acidosis in the series recorded by Morris and Fudenberg (1967) . The concurrence of renal tubular acidosis and primary biliary cirrhosis has been noted only once previously (Leeson and Fourman, 1967) . Shear, Bonkowsky, and Gabuzda (1969) investigated 15 patients with hepatic cirrhosis of undetermined aetiology, and found an abnormal response to an acid load in nine cases (60 %), two of which had an overt acidosis. The frequent finding of renal tubular acidosis in their series may be explained by the selection of cases for study as those patients with persistent hypokalaemia were particularly investigated and renal tubular acidosis is a known cause of hypokalaemia (Fourman and McCance, 1955) .
In potassium deficiency the ability of the kidney to secrete a maximally acid urine is impaired but ammonium excretion remains normal (Clarke, Evans, Macintyre, and Milne, 1955) . Hypokalaemia was detected in only five of the 16 patients with renal tubular acidosis in our series and in two of these the deficiency was corrected before administering the acid load. Thus it is unlikely that a low plasma potassium concentration is responsible for the development of the renal lesion. However, the tubular defect may be a contributing factor to the low potassium levels found in patients with chronic liver disease.
A disturbance of the peritubular circulation due to hyperglobulinaemia has been suggested as a cause of renal tubular acidosis but we could find no correlation between the level of serum globulin and the presence of the disorder (Fig. 2) , thus confirming the findings of Morris and Fudenberg (1967) , Shearn and Tu (1968) , and Tu, Shearn, Lee, and Hopper (1968) . Leeson and Fourman (1967) suggested that the defect of acidification in their patient with primary biliary cirrhosis was due to the deposition of copper in the renal tubules as a consequence of raised levels of plasma copper. The plasma copper concentration was measured in 12 of our patients with renal tubular acidosis and only five had an elevated value. No significant difference in the plasma copper levels was found between those patients with and those without renal tubular acidosis. It is unlikely that an abnormality of copper metabolism is a major factor in the development of the renal lesion in our patients.
In 10 cases of osteomalacia of intestinal or dietary origin reported by Muldowney, Freaney, and McGeeney (1968) renal tubular acidosis was found in five, two of whom also had abnormal aminoaciduria. The concurrence of coeliac disease with renal tubular acidosis was later reported (MacCuish, Munro, and Lamb, 1970) . Both groups of authors suggested that the renal lesion may be due to a deficiency of vitamin D causing secondary hyperparathyroidism, rather than a deficiency of vitamin D per se. Investigations to detect malabsorption were performed in all our patients with primary biliary cirrhosis and only one (case 3) had radiological evidence of osteomalacia. Plasma calcium levels and bone radiographs were normal in the other eight patients with primary biliary cirrhosis and renal tubular acidosis, and it is thus unlikely that secondary hyperparathyroidism was responsible for the renal lesion in these patients.
Autoimmune liver disease and renal tubular acidosis are frequently associated with hyperglobulinaemia and the presence of non-organ specific autoantibodies and it has been suggested that auto-allergic mechanisms are involved in the pathogenesis of both disorders (Doniach et al, 1966; Hobbs, 1970; . Abnormalities of the serum immunoglobulins were detected in all the patients with both renal tubular acidosis and autoimmune liver disease, but the presence of the acidification defect was not related either to the level or class of immunoglobulin elevated.
With the exception of mitochondrial antibody, autoantibodies were found with equal frequency in those patients with and those without renal tubular acidosis. The increased frequency of mitochondrial antibody (72%) in the group with renal tubular acidosis is probably explained by the fact that this group contained a large number of cases of primary biliary cirrhosis (56 %), a condition known to be associated with a high incidence of mitochondrial antibody (Doniach et al, 1966) . In the group without renal tubular acidosis only 23% of the cases had primary biliary cirrhosis. It is unlikely that mitochondrial antibody is an immunological marker indicating the presence of a defect of acidification, as in a larger series of 21 patients with a variety of autoimmune abnormalities in association with renal tubular acidosis whom we have investigated only 11 (52 %) showed mitochondrial immunofluorescence of the serum (Mason and Golding, unpublished observation) .
The precise mechanisms producing the renal and hepatic abnormalities are not known but it is possible that immunological processes could be involved in the pathogenesis of both disorders. Lymphocytic infiltration of the renal cortex with tubular degeneration has been demonstrated in patients with renal tubular acidosis in association with other diseases of autoimmunity (Kaltreider and Talal, 1969; Shioji, Furuyama, Onodera, Saito, Ito, and Sasaki, 1970) . Similar lymphocytic and plasma cell infiltration of the liver is the usual finding in the patients with autoimmune liver disease. It is interesting to note that dense lymphocytic infiltration of the kidney was found at necropsy in a case of primary biliary cirrhosis reported by MacKay (1960) but no renal function studies were reported.
Thus although defects of urinary acidification may arise from several different mechanisms it is possible that renal tubular acidosis and autoimmune liver disease may form part of a systemic disorder capable of affecting many organs Mason, Mclllmurray, Golding, and Hughes, 1970 
